Background: Frailty is associated with immune activation and inflammation in the elderly general population, but whether this is true in the younger HIV-infected (HIV+) population is not known.
INTRODUCTION
With the advent of highly active antiretroviral therapy (HAART), people with HIV infection are surviving to older ages. 1 Whether the aging process is affected by treated HIV infection is controversial. HIV infection and aging in general have been associated with immune activation and inflammation, 2 and the profound immune activation observed in untreated HIV infection is not completely resolved by HAART. 3 This residual immune activation in treated HIV infection could contribute to aging and other chronic diseases.
Frailty, an aging-related syndrome characterized by vulnerability to stressors and predictive of adverse health outcomes, 4 is of particular interest for several reasons. First, it is common in aging populations. Second, it often occurs in the absence of any specific identifiable disease. 5, 6 Third, it is thought to represent the simultaneous failure of multiple homeostatic systems and possibly of a higher order wholebody homeostasis that transcends any particular organ system. [7] [8] [9] Fourth, although its etiology is unknown, frailty has been associated with activation of immune effector mechanisms that are proinflammatory and/or catabolic. 10 For example, many studies have found that in the general population, higher circulating levels of markers of inflammation, such as interleukin-6 (IL-6), connote a higher risk of death, 11 disability, 12 and frailty. 10, [13] [14] [15] In HIV-infected (HIV+) people receiving HAART, the links between aging, frailty, and inflammation are less established than they are in the general population. We 6, 16 and others [17] [18] [19] (reviewed in Ref. 20) have documented that frailty occurs more frequently in HIV+ than in similar HIV2 populations. Moreover, frailty often occurs at an earlier age in HIV+ populations, 6, 16 at least partly because of a higher burden of comorbidities, 6 and predicts mortality. [21] [22] [23] The contribution of residual inflammation in treated HIV+ people to the development of frailty is unknown. Piggott et al 23 found that an inflammatory index derived from serum levels of IL-6 and sTNFR1 predicted frailty, but Kooij et al 18 did not find an association between frailty and other serologic markers of inflammation. We used data from the Multicenter AIDS Cohort Study (MACS) to address the hypothesis that inflammation is associated with frailty in HIV+ men.
METHODS

Study Design
The MACS, a longitudinal cohort study of HIV infection in men who have sex with men, recruited a total of 6972 HIV+ and HIV2 men in 1984-1985, 1987-1990, and 2001-2003 . Recruitment and study procedures have been published. 24 Briefly, participants are followed semiannually with standardized questionnaires, brief physical examinations, and laboratory testing including HIV serological testing on HIV2 men and plasma HIV RNA measurement on HIV+ men. Plasma, serum, and peripheral blood mononuclear cells (PBMC) are stored at each study visit. Waist circumference was measured by standardized methods as described. 25 The frailty phenotype (FP) described by Fried et al 5 has been measured at all study visits since 2007 6 ; briefly, this phenotype requires expression of 3 of 5 characteristics: slow walking speed, low-grip strength, exhaustion, low physical activity, and weight loss. Time to walk 4 m was measured twice, and the faster value was used. Grip strength with the dominant hand was measured 3 times, and the average value was used. For these 2 criteria, having a value below the 20th percentile of the HIV2 population was taken as expression of the criterion. The other 3 criteria were assessed by questionnaire. 6 Because the expression of the FP can vary extensively between semiannual assessments, 6 we defined frailty as expression of the FP at 2 consecutive study visits within 1 year of each other and nonfrailty as similar nonexpression of the FP, with no previous expression of the FP at any visit. The index visit was defined as the first of the 2 visits used to assess frailty. For individuals who had more than one visit pair with frailty or nonfrailty, only the first pair was used.
The study population was selected from a previous MACS substudy of the long-term effects of HIV infection and HAART on biomarkers of inflammation and immune activation. 26 That study assessed 24 such biomarkers longitudinally in 1885 MACS participants in 4 partially overlapping populations: (1) all incident cases of HIV infection whose infection dates were known to within 60.75 years (n = 541), (2) all HAART initiators (n = 1348), (3) all HIV+ men with .15 years without AIDS with no antiretroviral therapy (long-term nonprogressors; n = 57), and (4) a representative sample of 250 men who remained HIV2; this included all HIV2 men with hepatitis C (n = 35), to best address the effect of hepatitis C virus (HCV) infection on the biomarkers. Thus, that study, and hence the present study, contained primarily HIV+ men, particularly all those on HAART when FP assessments were initiated in the study. The men included in the present analysis were those who had biomarker measurements at the frailty assessment or within 2 years before it. If biomarkers at the index visit were missing, prior measurements closest to that visit were used.
Laboratory Testing
All measurements were performed on stored serum as described. 26, 27 At Johns Hopkins, serum cytokines (IL-1b, -2, -6, -8, -10, and -12p70; GM-CSF, IFN-g, and TNF-a) were determined using the Human ProInflammatory 9-plex UltraSensitive Kit [Meso-Scale Discovery (MSD), Gaithersburg, MD], and serum chemokines (CCL2/MCP-1, CCL4/MIP-1b, CCL11/eotaxin, 13/MCP-4, CCL17/TARC, CXCL8/IL-8 and CXCL10/IP-10) using the Human Chemokine 7-plex UltraSensitive Kit (MSD) as per manufacturer's instructions with the Sector 2400 analyzer (MSD). The lower limit of quantification (LLOQ) for each analyte was defined as the lowest concentration on the standard curve which yielded (1) a measured concentration within 25% of the nominal value and (2) a coefficient of variation (CV) less than 25%. 28 The lower limit of detection (LLOD) was defined as the lowest concentration on the standard curve that was .2.5 SDs above the blank. Ten percent of samples were run in duplicate. Using these duplicates, CVs were determined for analytes that were above the LLOQ in $80% of samples (all but IL-1b, IL-2, IFN-g, and GM-CSF). These ranged from 6.8% to 18.8% in HIV2 men and 11.8% to 32.0% in HIV+ men. Testing was done on one lot of multiplex kits.
Serum levels of soluble (s) CD14, sCD27, sgp130, sIL-6 receptor (sIL-6R), sIL-2 receptor-a (sCD25), and sTNF receptor-2 (sTNFR2), plus a cytokine known as B-cellactivating factor or B-lymphocyte stimulator (BAFF/BLyS), and the chemokine CXCL13 (B-lymphocyte chemoattractant/ B-cell-attracting chemokine 1; BLC/BCA1) were measured in one custom-designed multiplexed assay panel (Human Biomarker Custom Premix Kit A, R & D Systems, Minneapolis, MN) per manufacturer's directions at the University of California, Los Angeles, using a Bio-Plex 200 Luminex instrument and Bio-Plex analysis software (Bio-Rad, Hercules, CA). Coefficients of variation ranged from 10.2% to 29.6%. Again, testing was done on one lot of assay kits.
C-reactive protein (CRP) was measured at Quest Diagnostics by a high-sensitivity nephelometric assay with a lower limit of detection of 0.2 mg/L and a CV of 7.6% (Dade Behring, Newark, DE). Prothrombin time was also measured at Quest.
Statistical Analysis
Differences between the frail and nonfrail groups in demographic, behavioral, and clinical characteristics were assessed by x 2 and Wilcoxon rank sum statistics for discrete and continuous variables, respectively. Date of birth, race, and highest education attained were obtained by self-report at study entry. All other data were from the index visit if available; otherwise, data from the closest visit within the preceding 2 years were used. Covariates included body mass index [BMI = weight (kg)/height (cm) 2 ], current smoking, HCV infection (defined by detectable serum HCV RNA), and presence of depressive symptoms, defined as a score $16 on the Center for Epidemiology Studies-Depression questionnaire (CES-D) because we have found that HCV infection and depressive symptoms were associated with expression of the frailty phenotype. 6 Kidney disease was defined as either an estimated glomerular filtration rate (MDRD eGFR) ,60 mL$min 21 $1.73 m 22 body surface area or the presence of proteinuria $200 mg/g creatinine. Liver disease was defined as serum liver enzymes (ALT or AST) .150 IU/L. Other chronic illnesses (hypertension, diabetes, dyslipidemia) were considered confirmed if present at 2 or more visits including at the time of the measured biomarker. Hypertension was defined as either an average systolic blood pressure $140 mm Hg, an average diastolic blood pressure $90 mm Hg, or the use of medication for hypertension. Diabetes was defined as a fasting glucose $126 mg/dL or the use of medication for diabetes; and dyslipidemia was defined as any of the following: fasting total cholesterol $200 mg/dL, lowdensity lipoprotein (LDL) $130 mg/dL, high-density lipoprotein (HDL) ,40 mg/dL, triglycerides $150 mg/dL, or use of lipid-lowering medications with self-reported previous clinical diagnosis. The 1993 CDC definition of AIDS 29 was used, except that a CD4 T-cell count ,200/mL by itself was not considered AIDS.
Two multivariable regression approaches were used to evaluate associations between frailty and biomarkers. First, generalized gamma (GG) regression was used with left censoring to account for values below the limit of detection. Generalized gamma regression was chosen because many of the biomarker levels were not normally distributed by either raw or log-transformed values. Generalized gamma distributions are defined by 3 parameters-location (b), scale (s) and shape (k) 30 ; we assessed effects on the location parameter only. Relative percentiles were calculated comparing each HIV/frailty group to the HIV2 nonfrail men as the reference group. Second, for markers with .25% undetectable values, we report the odds ratio for detectability from logistic regression models. In each approach, we fit 2 models: (1) minimally adjusting for age, race, center, and education; and (2) adjusting also for BMI, smoking, HCV, depressive symptoms, hypertension, diabetes, dyslipidemia, kidney disease, liver disease, and cancer. For analyzing the relationship between biomarkers and nadir CD4 cell count (among HIV+ men), nadir CD4 cell count was dichotomized as #200 or .200 cells/mL (reference group). Age-adjusted median and interquartile range of biomarkers were obtained by using quantile regressions at 25th, 50th, and 75th percentiles including age (centered at 50 years) as an independent variable. Using a Bonferroni correction for multiple testing, P , 0.002 was considered statistically significant; 0.002 , P-values , 0.05 were considered marginally significant. There were insufficient HIV2 men to formally test for differential effects of HIV status on the relationships between inflammatory markers and frailty. Analyses were performed using SAS 9.2 (SAS Institute, Cary, NC).
RESULTS
Of the 1141 MACS participants who had biomarkers measured within 2 years of a frailty assessment, 1072 had the required 2 visits with FP assessments (+ or 2) within 1 year (Fig. 1 ). This included 809 HAART initiators, 33 long-term nonprogressors, and 230 HIV2 men. The 2 FP determinations were consistent [ie, +/+ (frail) or 2/2 (nonfrail)] for 921 men, who were included in the present analysis; 109 (15.3%) of the HIV+ men were frail, as were 26 (12.6%) of the HIV2 men. As shown in Table 1 , frail men (both HIV+ and HIV2) were older than nonfrail men and more likely to be from Baltimore, had less education, and more reported current FIGURE 1. Selection of study population. + and 2 signs refer to expression and nonexpression, respectively, of the frailty phenotype (FP) at consecutive MACS study visits.
smoking and had HCV infection, depressive symptoms, diabetes, hypertension, and kidney disease. Among HIV+ men, .90% of both frail and nonfrail men were receiving HAART, 75% or more for at least 7 years, and .75% had undetectable plasma HIV RNA levels; frail HIV+ men had lower nadir and current CD4 cell counts and were more likely to have had an AIDS-defining illness. Frail and nonfrail HIV+ men had similar durations of untreated HIV infection, ART histories, timing of biomarker measurement relative to frailty assessment, waist circumferences, and proportions with both CD4 cell count .500 and CD4/CD8 ratio .1. CD4/CD8 ratio was slightly higher in the nonfrail HIV+ men.
HIV+ and HIV2 frail men did not differ significantly in the FP criteria that were met in order to be classified as FP+ at a given visit, although HIV+ men were slightly more likely to have met the criteria of weight loss and slow walking speed and slightly less likely the criterion of low grip strength (see Table 1 , Supplemental Digital Content, http://links.lww.com/QAI/A955). The 151 HIV+ and HIV2 men who were excluded from the analysis because of inconsistent expression of the FP at consecutive visits (ie, 2/+ or +/2) tended to have demographic characteristics intermediate to those of nonfrail and frail men of the same HIV status (see Table 2 , Supplemental Digital Content, http://links.lww.com/QAI/A955).
The biomarker measurements were from the index visit for 26% of men and from a visit preceding the index visit for 74% of men (81% of frail men and 73% of nonfrail men). Distributions of biomarker values, stratified by HIV and frailty status, are shown in see Figure S1 , Supplemental Digital Content, http://links.lww.com/QAI/A955 for the overall study population, and see Figure S2 , Supplemental Digital Content, http://links.lww.com/QAI/A955 for the 4 HIV and frailty subgroups. In view of the age difference between frail men and nonfrail men (Table 1) , age-adjusted biomarker values are summarized in Table 2 . Among HIV2 men, the frail had higher age-adjusted medians than the nonfrail for 15 of 24 biomarkers; these differences were marginally significant (0.002 , P , 0.05) for BAFF, sCD27, and sIL2Ra before any adjustment other than age ( Table 2 , left columns). In minimally adjusted models (including age, race, center, and education), the frail HIV2 had lower MCP-4 values that were marginally significant (RP = 0.84, P = 0.043). After adjustment for HCV infection and smoking, this difference persisted but was no longer significant (RP = 0.86; P = 0.063). After further adjusting for other comorbidities, none of the differences between frail and nonfrail HIV2 men was significant (Fig. 2, left bars) .
Among the HIV+ men, the frail had higher ageadjusted medians than the nonfrail for 18 of the 24 biomarkers (Table 2 , right columns). In unadjusted analyses, these differences were marginally significant for the 3 markers that were marginally significant for HIV2 men (BAFF, sIL2Ra, sCD27) and also for sCD14, sgp130, sTNFR2, IL-6, IL-8, TNF-a, TARC, and CRP. Of these markers, BAFF, sCD27, sIL2Ra, and sTNFR2 remained significant (P , 0.002) after adjustment for multiple comparisons, and the higher levels of sCD14 (P = 0.003), TNF-a (P = 0.003), and IL-6 (P = 0.009) approached significance after this adjustment. All of these markers except sIL-2Ra, IL-6, and The adjusted results comparing biomarker levels according to frailty status in the HIV+ men are shown in Figure  3 . After adjustment for demographics (Fig. 3, left bars) , sCD14, sIL2Ra, sTNFR2, IL-6, and TNF-a were significantly higher in frail men (P , 0.002). CRP levels were also higher, and this difference was nearly significant (P = 0.003). However, after further adjustment for comorbidities, only the difference in CRP was significant at the P , 0.002 level (Fig.  3, right bars) . Higher levels of IL-6, TNF-a, and sTNFR2 in the frail men persisted, but with marginal significance (0.002 , P , 0.05). One marker, eotaxin, was marginally significantly lower in the frail men. These results were not affected by excluding long-term nonprogressors (n = 33) or men with HCV infection (35 HIV2, 70 HIV+) from the analyses, except that in the latter case, the difference of TNFa by frailty in the HIV+ was no longer marginally significant although its relative distribution did not change (data not shown). In fully adjusted models of HIV+ men, most biomarkers did not differ significantly by nadir CD4 cell count (#200 vs .200 cells/mL); however, IL-6 concentrations were about 6% lower in frail men with low nadirs (P , 0.001) and 17% higher in nonfrail men with low nadirs (P = 0.006), and TARC was 51% higher in frail men with low nadirs (P , 0.001). Prothrombin times did not differ significantly by either HIV status or frailty status (not shown).
Among markers with .25% undetectable samples, frail HIV2 men were less likely than the nonfrail HIV2 men to have detectable IL-1b, but this association was only of marginal statistical significance [odds ratio (OR) = 0.40, P = 0.039]. This difference persisted in the fully adjusted model (OR = 0.36, P = 0.027). Detectability of other markers did not differ significantly by frailty in either HIV2 or HIV+ men.
To compare levels of inflammatory markers in frail HIV2 and frail HIV+ men, we used only data from virologically suppressed HIV+ men to exclude the effect of HIV viremia. sCD14, BAFF, IP-10, and CRP were higher in the frail HIV+ men (see Table 3 , Supplemental Digital Content, http://links.lww.com/QAI/A955) but with only marginal significance. They were also higher in the HIV+ nonfrail men than in the HIV2 nonfrail men.
DISCUSSION
In this study, the longitudinal data of the MACS allowed us to define frailty based on confirmed expression of the frailty phenotype. This likely resulted in a more conservative and robust classification of frailty and nonfrailty than in previous studies, which have relied on single assessments. We found that compared with HIV+ nonfrail men and after adjustment for multiple comparisons, age, race, study site, and education, HIV+ frail men had significantly (P , 0.002) higher serum levels of sCD14, sIL2Ra, sTNF-R2, IL-6, and TNF-a; and higher levels of CRP that were nearly significant (P = 0.003). After further adjustment for BMI, smoking, and comorbidities, only CRP was significant at P , 0.002, with levels approximately 50% higher in the frail men than in the nonfrail men. All of these markers except sIL2Ra are products of activated monocyte/macrophages, and therefore their elevation suggests greater activation of these cells in the frail HIV+ men.
In the general population, serum IL-6 increases with age, 31 predicts disability 12 and mortality, 11 and is associated with frailty. 10 CRP, whose production is regulated by IL-6, has the same associations. Thus, the present results are consistent with data from the elderly general population linking frailty to monocyte/macrophage activation.
The present results are also consistent with recent studies in HIV+ populations. Erlandson et al 32 found that low levels of physical functioning, including frailty, were associated with higher levels of CD8 T-cell activation (expression of CD38 and HLA-DR) and serum IL-6 in HIV + people. Piggott et al 23 found that an inflammatory index derived from serum levels of IL-6 and sTNFR1 was significantly associated with the Fried frailty phenotype and with mortality in a large study of HIV+ and HIV2 injection drug users. However, Kooij et al, 18 in a predominantly male Dutch cohort, found that incorporation of inflammatory markers (CRP, d-dimer, sCD163, sCD14) into analytic models did not attenuate the observed association of HIV infection with expression of a modified Fried frailty phenotype. This inconsistency may be explained by the more advanced level of HIV disease in their cohort (eg, 69.5% had had AIDS) compared with the present study and that of Piggott et al. Overall, the present findings, based on a large cohort, a robust definition of frailty and nonfrailty, and quality-assured analysis of a panel of selected inflammatory markers, substantially strengthen the association of frailty with higher inflammation in men with treated HIV infection.
The difference in CRP was of the greatest magnitude and was the only difference whose significance persisted after adjustment for demographics and comorbidities, which may be involved in the causal pathway for frailty. Most of the significant differences in inflammatory markers between frail and nonfrail HIV+ men in the present study became nonsignificant after adjustment for harmful behaviors and comorbidities that are common in treated HIV+ men. This finding suggests that these factors contribute to frailty 6 through inflammatory pathways, and that they account to some extent for the greater inflammation in the HIV+ men with frailty compared to those who were nonfrail. However, the fact that these factors did not account for all of the inflammation associated with frailty is consistent with earlier studies. 5, 6 Thus, the present study adds to our understanding of inflammation and frailty in people with treated HIV infection, but there is more to be learned about the inflammation that is still independently associated with frailty.
The HIV2 men in the present study exhibited fewer significant differences between frail and nonfrail men than did the HIV+ men. This may be related to the smaller number of HIV2 men studied, one limitation of using existing biomarker data. Unlike the treated HIV+ participants, for whom the biomarkers were measured in all participants, assessment was done on only a sample of HIV2 men. Most of the variables that differed significantly by frailty in the HIV+ men had similar trends in the HIV2 men. However, CRP, which was almost 50% higher in frail HIV+ men than in nonfrail HIV+ men, was essentially identical in frail and nonfrail HIV2 men. This discrepancy may be due at least in part to our deliberate inclusion of all HCV-infected HIV2 men in the parent biomarker study; this infection can lower CRP levels 33 and was much more common in the HIV2 frail men (42%) than in the HIV2 nonfrail men (13%). Taken together, the present data suggest that inflammation is associated with frailty in HIV+ men as it is in elderly HIV2 populations, but that the mechanisms of this association may differ between HIV2 and HIV+ people in the age range studied here.
In this study, serum IL-6 levels were similar in the HIV+ nonfrail men and the HIV2 men (whether frail or nonfrail). Previous studies have generally found higher IL-6 levels in HIV+ than HIV2 people, even after HAART. 3 The reason for this discrepancy is unknown but could be related to the fact that previous analyses of IL-6 by HIV status did not take frailty into account. Alternatively, the HIV2 men in this study may have had higher than expected IL-6 levels for unknown reasons.
In the present study, the frail HIV+ men had higher levels of sIL2Ra (sCD25) than the nonfrail HIV+ men, providing some evidence of greater T-cell activation. The role of T-cell activation in HIV2 populations who develop frailty has not been well-defined. 10 This study examined the relationship between inflammation and frailty in the context of HIV infection. We carefully selected biomarkers that are considered as reflective of inflammation for inclusion in this study to test our hypotheses. Although this study could be considered exploratory in a sense, because our hypotheses were not restricted to a specific inflammatory marker(s), the study was not without such hypotheses. The proinflammatory cytokine and chemokine panels used for electrochemiluminescence were selected because they covered markers of monocyte activation, T-cell activation, and recruitment of monocytes and T cells to sites of inflammation. The B-cell cytokine and soluble receptor panel used for the Luminex-based study was custom-designed by the MACS to include markers of specific interest. Although some results were not hypothesis-driven, most of the data obtained were directly pertinent to the overall hypothesis of the study, and the fact that clusters of functionally related biomarkers often differed in parallel between frail and nonfrail men supports the value of this experimental approach. The likelihood of falsely identifying significant correlations with frailty because of large numbers of markers tested was minimized by using the Bonferroni correction, which is considered conservative. 34 The study had some other limitations. First, the temporal relationship between inflammation and onset of frailty could not be determined from this cross-sectional analysis nested in the cohort. Although we have reported that the biomarkers analyzed here were very stable in virologically suppressed HIV+ men after the first year of HAART, 26 and the participants in this study had been receiving HAART for many years, there could still be some variability in the biomarker trajectory that may be due to frailty. Second, the frailty phenotype used has not been clinically validated in HIV+ men, as it has in HIV2 people. 4 However, this frailty phenotype predicted mortality in a cohort of injection drug users, especially those who were HIV+, 21 and in the MACS a phenotype similar to the frailty phenotype, termed the frailty-related phenotype, independently predicted decreased AIDS-free survival and overall survival after initiation of HAART. 35 These data suggest that frailty will predict adverse health outcomes in HIV+ people as it does in the HIV2 elderly. Finally, CMV infection has been associated with a higher risk of frailty in the general population in some studies, 36-40 but we did not have serologic data on CMV infection of the present cohort and so could not assess the relation of this infection to frailty.
Generalizability of the present findings is affected by the fact that the study population represents men who have sex with men recruited before 2003. This limits generalizability to women, and perhaps to men who acquired HIV by other behaviors. The cohort also may not reflect people who have acquired HIV more recently. Because the study population included all HIV+ men in the MACS cohort under antiretroviral treatment and a random sample of the HIV2 men other than those with HCV infection, it was not a convenience sample but rather should reflect the underlying cohort. Because men who have sex with men still comprise the group with the greatest risk of HIV in the United States, and particularly those aging with HIV, these results on frailty are highly relevant to older HIV-infected persons. In this study, frail men with HIV generally exhibited similar components of the frailty phenotype as frail HIV2 men, suggesting that the findings also may have pertinence for the general population of frail people. Other aspects of HIV infection, such as time without antiretroviral treatment, nadir CD4 cell count, and duration of antiretroviral therapy, were similar between frail and nonfrail men with HIV, supporting the interpretation that the differences in inflammation between the 2 groups were not due to different stages of HIV infection or different levels of viral suppression, although the frail men were more likely to have had a history of clinically-defined AIDS. Also, as mentioned, the relatively small size of the HIV2 population in the present study may have limited power to find differences between frail and nonfrail HIV2 men.
The mechanisms for the association of immune activation with aging are unknown. 41 Postulated explanations include (1) production of macrophage-activating cytokines by innate and adaptive immune responses against ongoing infections 42, 43 ; (2) production of such cytokines by senescent cells 44 ; immune-activating effects of circulating cell-free DNA 45 or microbial components; or (3) deficient inhibition of T-cell activation. 46 In the latter connection, number and function of T-regulatory cells, which can suppress immune activation, were not reduced in frail relative to nonfrail MACS participants, whether HIV+ or HIV2. 47 In the present study, markers that were significantly elevated in frail vs nonfrail HIV+ men after adjustment for multiple comparisons (ie, P , 0.002) and for age, race, study site, and education, included the proinflammatory cytokines IL-6 and TNF-a, the TNF receptor superfamily members sCD27 and sTNFR2, and the scavenger receptor sCD14, all suggesting monocyte/ macrophage activation. CRP was significantly elevated in the frail vs nonfrail HIV+ men after all adjustments including behaviors and comorbidities; because CRP production is regulated by IL-6, produced by monocytes among other cells, this again suggests activation of these cells.
The increased inflammation that exists among virologically suppressed HIV+ persons and its association with frailty provide support for monitoring people living with HIV for age-related illnesses. Little is known about trajectories of CRP preceding the onset of frailty, or how the higher levels observed here in frail HIV+ men developed over time. Given the well-established relation between inflammation and aging in the general population, this information may inform mechanisms of aging in general, especially when independent comorbidities can be taken into account. Monocyte activation represents a prime target for such studies.
